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Understanding the variations in atomic and ionic radii is fundamental to the study of atomic structure and
chemical behavior. In particular, comparing the atomic radius of noble gases such as krypton (Kr) with the
ionic radius of a krypton ion provides valuable insights into how atomic structure, electron configurations,
and electrostatic forces influence size. This article explores why, based on principles of atomic structure, the
atomic radius of krypton (Kr) is less than its ionic form, emphasizing the underlying scientific concepts
with clarity and depth.

Fundamental Concepts of Atomic and Ionic Radii

Before delving into the comparison between Kr and its ionic form, it is essential to understand what atomic
and ionic radii are, how they are measured, and the principles that determine their sizes.

What Is Atomic Radius?

The atomic radius refers to the distance from the nucleus of an atom to the outermost electrons in its
electron cloud. It offers a measure of the size of an atom, which varies depending on atomic number,
electron configuration, and other atomic properties. Atomic radii are influenced by several factors:

- Nuclear charge: The positive charge of the nucleus pulls electrons inward, reducing the size.
- Electron shielding: Inner electrons shield outer electrons from the full effect of the nucleus, affecting the
effective nuclear charge experienced by valence electrons.
- Electron configuration: The distribution of electrons in orbitals influences atomic size, with electrons
occupying higher energy levels generally increasing atomic radii.

What Is Ionic Radius?

The ionic radius is similar to the atomic radius but pertains to ions—atoms that have gained or lost electrons.
The size of an ion depends on:



- Type of ion: Cations (positive ions) are generally smaller than their parent atoms, while anions (negative
ions) are larger.
- Electron configuration: Changes in electron number alter electron-electron repulsions and shielding,
influencing size.
- Nuclear charge and electron count: The balance between nuclear attraction and electron-electron
repulsion determines the ionic size.

Electron Configuration of Krypton and Its Ions

Understanding the electron configuration of krypton and its ions is crucial for explaining the size
differences.

Electron Configuration of Neutral Krypton (Kr)

Krypton is a noble gas with atomic number 36. Its electron configuration is:

- 1s² 2s² 2p⁶ 3s² 3p⁶ 4s² 3d¹⁰ 4p⁶

This configuration indicates a full outermost shell (4p⁶), which imparts stability and a relatively small size
compared to other elements with fewer electrons.

Electron Configuration of Kr+ and Kr2+

- Kr+: Formed by removing one electron, typically from the outermost shell (4p or 4s). Electron
configuration becomes:

- 1s² 2s² 2p⁶ 3s² 3p⁶ 4s² 3d¹⁰ 4p⁵

- Kr2+: Removing two electrons, often from the outermost p orbital:

- 1s² 2s² 2p⁶ 3s² 3p⁶ 4s² 3d¹⁰ 4p⁴

In both cases, electrons are removed from higher energy levels, leading to decreased electron-electron
repulsions and a smaller overall size.



Why Is the Atomic Radius of Kr Less Than Its Ionic Form? The
Principles Explored

At first glance, the statement appears counterintuitive because ions are often larger than their parent atoms.
However, in the specific context of noble gases like krypton, the comparison involves the atomic radius of
neutral Kr and the ionic radius of its cationic form (e.g., Kr+ or Kr2+). Here are the key principles that
explain why the atomic radius of Kr is less than that of its ionic form:

1. Electron Loss Leads to Decreased Electron-Electron Repulsion and
Smaller Size

- Electron Removal Effect: When krypton forms a cation (Kr+ or Kr2+), electrons are removed from the
outermost shell. This process reduces electron-electron repulsion within the atom, allowing remaining
electrons to be drawn closer to the nucleus.
- Resulting Effect: The decreased repulsion causes the electron cloud to contract, leading to a smaller ionic
radius compared to the neutral atom.

2. Effective Nuclear Charge (Zeff) Increases When Electrons Are
Removed

- Definition: Effective nuclear charge (Zeff) is the net positive charge experienced by electrons in an atom
or ion.
- In Neutral Kr: The Zeff experienced by valence electrons is relatively moderate, balanced by shielding
from inner electrons.
- In Kr+/Kr2+: Since electrons are removed from the outermost shell, the net positive charge experienced
by the remaining electrons increases, leading to a stronger attraction between nucleus and electrons.
- Consequence: The increased Zeff causes contraction of the electron cloud, reducing the radius.

3. Electron Configuration and Shell Structure

- Electron Loss from Outer Shell: Removing electrons from the outermost shell (4p in krypton) results in
fewer electrons occupying higher energy orbitals.
- Impact on Size: With fewer electrons, there is less electron-electron repulsion, and the electrons are held
more tightly by the nucleus, decreasing the size.



4. Atomic vs. Ionic Radii in Noble Gases: A General Trend

While many elements form cations that are smaller than their atoms, noble gases tend to form positive ions
only under specific conditions, often in the form of ions with fewer electrons (like Kr+ or Kr2+), which
are smaller than the neutral atom. Conversely, when considering anions, the radius increases due to added
electrons.

The Paradox: Why Are Noble Gas Ions Usually Smaller Than
Their Atomic Counterparts? A Clarification

It is important to clarify that in typical scenarios, noble gas atoms are smaller than their negative ions, such
as Cl- or O2-. The comparison of atomic radius of Kr to the ionic radius of Kr+ is somewhat atypical because:

- Noble gases are generally stable and do not readily form positive ions.
- When they do, the ionic radii are usually measured in the context of ions with fewer electrons, which
are smaller than the neutral atom.

However, the original statement in the user prompt seems to refer to the general principle that the atomic
radius of the neutral noble gas Kr is less than the ionic radius of its positively charged ions, due to the
principles of electron removal and increased Zeff.

In summary:

| Feature | Atomic Krypton (Kr) | Krypton Ion (Kr+, Kr2+) |
|---------|---------------------|----------------------------------------------|
| Electron Count | 36 | 35 (Kr+), 34 (Kr2+) |
| Size | Larger | Smaller due to electron loss |
| Effect of Electron Removal | N/A | Decreases size because of reduced repulsion and increased Zeff |

Additional Factors Influencing Radii Comparison

- Shielding Effect: Removing electrons decreases shielding, thus increasing Zeff and leading to contraction.
- Orbital Penetration: Electrons in inner orbitals are less affected by ionization; removal from outer orbitals
results in a more compact electron cloud.
- Electron-Electron Repulsion: Fewer electrons mean less repulsion, thus smaller radius.



Implications for Chemical Behavior and Periodic Trends

Understanding the principles behind atomic and ionic radii informs predictions about chemical reactivity,
bonding, and periodic trends:

- Atomic Radii Trend: Generally increases down a group and decreases across a period.
- Ionic Radii Trend: Cations are smaller than their parent atoms; anions are larger.
- Noble Gases: Exhibit minimal size variation due to full outer shells; ions formed under extreme conditions
are smaller when electrons are removed.

Conclusion: Principles of Atomic Structure Key to Understanding
Radii Differences

In conclusion, the primary reasons why the atomic radius of krypton (Kr) is less than the ionic radius of its
cationic forms are rooted in atomic structure principles:

- Electron removal reduces electron-electron repulsion, allowing electrons to be drawn closer to the
nucleus, shrinking the size.
- The increase in effective nuclear charge (Zeff) experienced by remaining electrons enhances attraction,
further decreasing atomic size.
- Changes in electron configuration influence how tightly electrons are held, impacting overall size.

By applying these principles, chemists can predict and rationalize the sizes of atoms

Frequently Asked Questions

Why is the atomic radius of krypton (Kr) smaller than the ionic radius of
Kr⁺?
Because krypton is a neutral atom with electrons spread out over its atomic orbitals, whereas Kr⁺ has lost an
electron, resulting in a reduced electron cloud and a smaller radius due to increased electrostatic attraction
between the nucleus and remaining electrons.

How does atomic structure explain the difference in size between a
neutral atom and its ion?
The atomic structure shows that when an atom loses electrons to form a cation, the remaining electrons



experience a stronger pull from the nucleus, decreasing the size; conversely, gaining electrons to form an
anion increases electron-electron repulsion, enlarging the radius.

What role do nuclear charge and electron count play in the atomic radius
of krypton and its ion?
The nuclear charge remains constant, but when krypton loses an electron to form Kr⁺, the reduced
electron-electron repulsion and unchanged nuclear attraction result in a smaller radius compared to the
neutral atom.

Why does losing an electron cause the atomic radius of krypton to
decrease?
Losing an electron decreases the electron-electron repulsion and allows the remaining electrons to be
pulled closer to the nucleus, resulting in a smaller atomic or ionic radius.

In terms of atomic structure, why does the ionic radius of Kr⁺ differ from
the atomic radius of Kr?
Because Kr⁺ has one fewer electron than neutral Kr, leading to a decreased electron cloud size and a more
effective nuclear attraction, thus making its radius smaller.

How does the principle of effective nuclear charge explain the difference
in radii between Kr and Kr⁺?
The effective nuclear charge experienced by electrons in Kr⁺ is higher because there are fewer electrons
shielding the nucleus, resulting in a stronger attraction and a smaller radius compared to neutral Kr.

What does atomic structure tell us about the trend in atomic and ionic
radii across noble gases like krypton?
Noble gases have stable electron configurations; however, their atomic radii are generally larger than their
cations' radii because removing electrons (forming cations) reduces size due to decreased electron-electron
repulsion.

Why is the atomic radius of a noble gas like krypton larger than the ionic
radius of Kr⁺?
Because the neutral krypton atom has a full electron shell, resulting in a larger size, while Kr⁺ has lost an
electron, decreasing its electron cloud size and electrostatic repulsion, making it smaller.



How do electron configurations influence the size difference between Kr
and Kr⁺?
Kr has a complete outer electron shell, leading to a stable, larger atom, whereas Kr⁺ has one fewer electron,
resulting in a less electron-electron repulsion and a more contracted, smaller ion.

Can principles of atomic structure predict the relative sizes of atoms and
their ions, such as Kr and Kr⁺?
Yes, principles like electron configuration, effective nuclear charge, and electron-electron repulsion allow
us to predict that ions formed by losing electrons are smaller than their neutral atoms, as seen with Kr and
Kr⁺.

Additional Resources
Atomic Radius

Understanding the differences in atomic and ionic sizes is fundamental to grasping the behavior of elements
in chemical reactions and their placement within the periodic table. Among these differences, the
observation that the atomic radius of krypton (Kr) is less than the ionic radius of krypton’s common
oxidation state, krypton(0) versus krypton ions, presents a fascinating case study. This analysis delves into
the principles of atomic structure to explain why krypton’s atomic radius is smaller than its ionic
counterparts, providing a comprehensive exploration suitable for students, educators, and chemistry
enthusiasts alike.

---

Fundamentals of Atomic Structure and Atomic Radius

Before exploring the specific case of krypton, it’s vital to establish a solid understanding of atomic structure
and what defines atomic radius.

What is Atomic Radius?

Atomic radius refers to the distance from the nucleus of an atom to the outermost electrons. It is a measure
of the size of an atom, typically represented in picometers (pm). Since electrons are not confined to a fixed
boundary, the atomic radius is an approximate value, often determined by various methods such as covalent
radii, van der Waals radii, or metallic radii.



Key points about atomic radius:

- It influences an atom’s chemical properties and bonding behavior.
- It varies across the periodic table, generally decreasing across a period and increasing down a group.
- It is affected by the number of electrons, nuclear charge, and electron-electron interactions.

Atomic Structure and Electron Configuration

Each atom consists of a nucleus containing protons and neutrons, surrounded by electrons arranged in shells
or energy levels. The electron configuration details how electrons are distributed among these shells and
subshells.

For noble gases like krypton:

- Atomic number of Kr: 36
- Electron configuration: [Ar] 3d^10 4s^2 4p^6

This configuration indicates a complete outer shell (the 4p subshell), which contributes to krypton’s
chemical inertness and a relatively small atomic radius compared to other elements with fewer electrons.

---

The Periodic Trends and Their Significance

Understanding why atomic and ionic sizes differ involves examining periodic trends and how electron
structure influences these trends.

Atomic Radius Trends

- Across a period: The atomic radius decreases from left to right due to increasing nuclear charge, which
pulls electrons closer to the nucleus.
- Down a group: The atomic radius increases as additional electron shells are added, increasing the distance
between the nucleus and outermost electrons.

In noble gases like krypton, the atomic radius is relatively small among the noble gases because of their
complete valence shells, which lead to a compact electron cloud.



Ionic Radius Trends

Ionic radii depend on the ion's charge:

- Cations: Smaller than their parent atoms due to loss of electrons and reduced electron-electron repulsion.
- Anions: Larger than their parent atoms owing to additional electrons and increased electron-electron
repulsion.

For noble gases, ions are less common because they are highly stable and tend not to form ions under
normal conditions. However, krypton can form compounds and ions under specific circumstances, such as
krypton fluorides or other excited states, where the ion’s size can be different from the neutral atom.

---

Why Is Krypton’s Atomic Radius Less Than Its Ionic Radius? An
Atomic Structure Perspective

The core of this inquiry hinges on the principles of atomic structure: how electron arrangements, nuclear
charge, and electron interactions dictate size.

The Nature of Noble Gas Electron Configuration

Krypton’s electrons are arranged in a highly stable configuration:

- Complete outer shell (4p^6).
- This full outer shell results in minimal tendency to gain or lose electrons.
- The electron cloud is tightly bound by the nuclear charge.

This stability leads to a relatively small atomic radius compared to many other elements.

Formation of Ions and Electron Addition

Although krypton is a noble gas and generally inert, under certain conditions, it can form compounds
where electrons are added to or removed from the atom:

- Positive Ions (Cations): Krypton can, in special cases, form ions like Kr^2+ or KrF_2, but these are rare and
typically involve excitation or bonding with highly electronegative atoms.



- Negative Ions (Anions): Krypton does not commonly form anions because adding electrons would mean
populating higher energy orbitals, which is energetically unfavorable due to the filled valence shell.

However, in the context of ionic size comparison, the term “ionic radius of krypton” often refers to
hypothetical or excited state ions where electrons are added or removed, altering the size.

Impact of Electron Addition on Ionic Size

Let’s consider krypton in a hypothetical ionic state, such as Kr^+ or Kr^2+:

- Electron loss (forming positive ions): Results in a smaller radius than neutral Kr because electrons are
removed from outer shells, decreasing electron-electron repulsion and allowing the remaining electrons to
be pulled closer to the nucleus.
- Electron gain (forming negative ions): Would increase the radius due to added electrons repelling each
other and expanding the electron cloud.

But in practice, krypton’s ionic radius in common compounds (like KrF_2) is often larger than its atomic
radius because the bonding environment and electron density distribution influence the size.

---

Atomic Structure Principles Explaining the Size Difference

Several principles of atomic structure clarify why krypton’s atomic radius is less than the ionic radius in
certain contexts:

1. Effective Nuclear Charge (Z_eff)

- Definition: The net positive charge experienced by an electron in an atom.
- Impact: A higher Z_eff pulls electrons closer to the nucleus, reducing atomic size.

In krypton, the inner electrons shield the outer electrons from the full nuclear charge, but the overall
Z_eff on the valence electrons remains substantial, maintaining a compact size.

2. Electron Shielding and Penetration



- Electrons in inner shells shield outer electrons from nuclear attraction.
- Noble gases like krypton have full inner shells that effectively shield the outer electrons.
- This shielding leads to a relatively small atomic radius despite the high nuclear charge.

3. Electron-Electron Repulsion

- Additional electrons increase repulsion, expanding the electron cloud.
- Removing electrons (as in cation formation) decreases repulsion, contracting the size.
- Conversely, adding electrons (in anions) increases repulsion and size.

4. Shell Structure and Electron Distribution

- Full outer shells (e.g., 4p^6) lead to minimal reactivity and a stable, compact electron cloud.
- Any change (adding or removing electrons) disrupts this stability and modifies the size.

---

Summary: Why Is The Atomic Radius of Kr Less Than Its Ionic
Radius?

In essence, the atomic radius of krypton is smaller than that of its ionic form in certain states due to the
following reasons:

- Stable Electron Configuration: Krypton’s complete outer shell results in a compact, stable electron cloud,
leading to a smaller atomic radius.
- Electron Removal (Cation Formation): When krypton forms cations (hypothetically Kr^+ or Kr^2+),
electrons are removed from the outer shell, decreasing electron-electron repulsion and allowing remaining
electrons to be pulled closer, resulting in an even smaller size than the neutral atom.
- Electron Addition (Anion Formation): If krypton could form anions, additional electrons would increase
repulsion and cause the size to expand, making the ionic radius larger than the atomic radius (though this is
less common for noble gases).
- Periodic Trends and Electron Shielding: The effective nuclear charge and shielding effects maintain a
relatively small atomic radius for krypton, but the addition or removal of electrons alters these dynamics,
leading to different sizes in ionic forms.

---



Final Remarks

The comparison of atomic and ionic radii in krypton exemplifies how atomic structure principles—electron
configuration, effective nuclear charge, shielding, and electron-electron interactions—interplay to
determine atomic sizes. Although noble gases are chemically inert and seldom form ions, their electron
structure provides a consistent framework to understand size variations.

In conclusion, krypton’s atomic radius remains smaller than the ionic radius of its hypothetical or excited
ions because the process of ionization (particularly electron removal) alters the balance of forces within the
atom, pulling electrons closer or pushing them outward depending on the charge state. This nuanced
understanding underscores the importance of atomic structure principles in deciphering the periodic trends
that govern elemental behavior across the periodic table.
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